We perform a multidisciplinary study of biotite porphyroblasts and veinlet infills hosted in Cambrian strata of the hanging walls from the NW-SE-trending Datos, Jarque and Daroca thrusts (Iberian Chains). Stratigraphic and microstructural crosscutting features indicate that a biotite isograd runs parallel to the southeastern transects of the three thrusts. The metamorphic grade reached in the southeastern edge of the Iberian Chains is clearly distinct from both the Cadomian epizonal metamorphism, exclusively recorded in the Ediacaran-basalCambrian Paracuellos Group, and the Variscan anchizone metamorphism recorded throughout Cambrian-Devonian strata. During post-Variscan negative inversion tectonics, renewed K-metasomatism along the same thrusts led to crystallisation of geochemically similar biotites in parallel fissures and veins. 40 Ar/ 39 Ar ages are (i) latest Westphalian-to-Guadalupian (285.82 ± 23.75 Ma) for metamorphic biotite porphyroblasts affected by diffusion loss of Ar, including the Carboniferous-Permian transition within error; and (ii) Early Triassic (246.87 ± 5.36 Ma) for biotite occlusion in post-Variscan veinlets. The Iberian Chains represent the southeastern prolongation of the Cantabrianand West Asturian-Leonese zones. The latter displays a uniform eastward decrease in metamorphic grade, whereas the Iberian Chains exhibits a heterogeneous distribution of low-grade metamorphic conditions (chlorite zone). The local presence of the biotite isograd is linked to the higher tectonic gradients associated with the Daroca, Jarque and Datos thrusts, quite similar to the metamorphic isogrades recognized both in the northeastern edge of the Demanda Massif and the Novellana-Pola de Allande-Degaña Belt of the West Asturian-Leonese Zone. This distribution allows the identification of a broad NW-SE belt of biotite-in isograd-related synkinematic metamorphism, following the western contact of the Narcea Antiform, the Anguiano Thrust and the southeastern edges of the Daroca, Jarque and Datos Thrusts in the Iberian Chains. Based on Variscan structural style and metamorphic grades, the Datos Thrust links with the contact that separates the Cantabrian and West Asturian-Leonese zones of the Iberian Massif.
Introduction
The Variscan Orogen developed as a result of the collision between already amalgamated Laurussia and Gondwana, during closure of the Palaeozoic Rheic Ocean (e.g., Martínez Catalán et al. 2007; Nance and Linnemann 2009; von Raumer and Stampfli 2008; Nance et al. 2012 ). In the Iberian Massif (Fig. 1a) , the Cantabrian Zone represents an easterly directed foreland thrust and fold belt. Its Palaeozoic succession was deformed by a set of imbricate thrusts and coeval folds, and by late high-angle faults. The thin-skinned general structural pattern (Pérez-Estaún et al. 1988 ) is dominated by a principal décollement located within the Cambrian Láncara Formation, but complicated by the existence of other detachment levels (Julivert et al. 1968) . Deformation within the main body of thrust slices took place at shallow crustal levels and, in general, involved neither foliations nor metamorphism. The latter reached the transition from anchimetamorphism to low-grade metamorphism in the (westernmost) inner thrust units, as suggested by the presence of syntectonic quartz-albite-muscovite-chloritoid/chlorite assemblages. Likewise, changes in the illite crystallinity occur, as it has been observed in some areas in which there is a thermal gradient increase related to nappe emplacement (Suárez et al. 1990 ). In contrast, the Variscan structure of the neighbouring West AsturianLeonese Zone is characterized by widespread thick-skinned geometries, associated with fold nappes, ductile thrusts and foliations. They were formed as a result of three principal deformation phases, broadly coeval with various stages of regional metamorphism and syn-and post-tectonic granitoid intrusions. Broadly, the intensity of deformation and metamorphism increases from east (the foreland Cantabrian Zone) to west (the internal zone of the Variscan Orogen; Ábalos et al. 2002 and references therein) . Carls (1983) , based on stratigraphic and facies similarities of Palaeozoic successions, suggested the Iberian Chains (then subdivided into the Badules and Herrera tectonostratigraphic units, separated by the Datos Thrust) could be considered as a lateral prolongation of the West Asturian-Leonese Zone. The author correlated the Cantabrian and Ebro Land areas (now known as the Cantabro-Ebroan Land of the West African craton; Aramburu et al. 1992; Álvaro et al. 2003) as a common siliciclastic source in West Gondwana and considered the Azuara Block (an inlier placed to the east of the Datos Thrust) as a putative prolongation of the Cantabrian Zone.
Subsequently, Gozalo and Liñán (1988) proposed the subdivision of the Variscan basement into the Badules, Mesones and Herrera tectonostratigraphic units (separated by the Jarque and Datos Thrusts; Fig. 1b ) and structurally correlated two Cadomian basements: the Narcea Antiform of NW Spain and the Paracuellos Antiform of the eastern Iberian Chain (Gutiérrez Alonso 2004; Álvaro et al. 2008) (Fig. 1a) . The Jarque Thrust, which longitudinally crosscut the Paracuellos Antiform was then suggested as the prolongation of the contact between the Cantabrian and West Asturian-Leonese zones.
The construction of a high-speed train line and associated tunnels through the Paracuellos Antiform yielded a new structural model (Álvaro and Blanc-Valleron 2002) . The antiform is a complex structure, represented by a broad anticline limited by two prominent tectonic structures: (1) the eastern Datos Thrust (or Nigüella-Monforte Fault sensu Casas et al. 2016 ) that flanks the Triassic Morés Trough; and (2) the western Embid Fault (Fig. 1b) , marked in seismic profiles as a thin NE-dipping reflector. The Paracuellos Antiform is bounded to the west by several thrust systems that do not affect the cratonic basement on which the sedimentary prism was transported.
In the Iberian Chains, the youngest rocks pre-dating the Variscan orogeny are Namurian and earliest Westphalian in age (Sächer 1966; Villena and Pardo 1983) . According to Villa et al. (1996, and references therein) and Carls et al. (2004, and references therein) , the Upper Namurian-to-Westphalian (~ 325-308 Ma) Culm facies sedimentation represents the south-to-north progradation of a synorogenic depositional trough. In the neighbouring Demanda Massif, the Variscan deformation is relatively well-constrained, and the oldest post-tectonic rocks are Westphalian B-D strata that unconformably overlie folded and thrusted Palaeozoic rocks (Colchen 1974) .
Cambrian slates and marble successions contain metamorphic and hydrothermal biotite suites (e.g., Álvaro and Vennin, 1998 ) that could help shed light on the timing of Variscan deformation in the Iberian Chains. The aims of this paper are (1) to improve age constraints on Variscan deformation and post-Variscan thermal history in the Iberian Chains on the basis of detailed microstructural and petrographic analyses, geochemical data, and 40 Ar-39 Ar geochronology on biotite pophyroblasts and veinlet infills; and (2) to strengthen the longitudinal subdivision of the Iberian Chains into two main belts representing the lateral prolongation of the Cantabrian and West Asturian-Leonese Zones.
Geological setting and distribution of biotite porphyroblast-bearing rocks
In the Iberian Chains, the Cadomian, Variscan and Alpine structural trends are broadly subparallel (e.g., Capote and González Lodeiro 1983; Tejero and Capote 1987) . As a result, these massifs contain the record of three orogenies whose effects are sometimes difficult to separate, except along Palaeozoic/post-Palaeozoic contacts (Liesa and Casas Sáinz 1994; Álvaro et al. 2008) . The Variscan structures of the Iberian Chains are attributable to, at least, three major deformation phases (Capote and González Lodeiro 1983; Tejero and Capote 1987) , which were developed under low to very low grade metamorphism (Navas and Tena 1988; Aparicio et al. 1991a, b; Mandado and Tena 1991; Variscan subdivision into zones of the Iberian massif; modified from Julivert et al. (1972 ), Carls (1983 and Gozalo and Liñán (1988 Carls (1983) and Álvaro and Blanc-Valleron (2002) et al. 1998). A late Variscan deformation regime reflects an evolution from reverse strike-slip tectonics to radial extension (Tejero and de Vicente 1987) associated with Stephanian-Permian calc-alkaline dike and sill emplacement (Lago et al. 2004; Sanz et al. 2013) . Finally, Alpine regional stress regimes affected pre-existing crustal discontinuities, reactivating both Variscan structures and discordant contacts of pre-Variscan lithological units with Triassic (Morés Trough) and Cenozoic (Calatayud-Teruel Basin) rocks (Julivert 1954; Colomer and Santanach 1988; Álvaro et al. 1992; Álvaro 1998) (Fig. 1b) . The eastern and western Iberian Chains constitute two parallel NW-SE alignments of structures generated during the superposition of the Variscan and Alpine orogenies and separated by the Neogene Calatayud-Teruel Basin. Major detachment levels are recognized in the shales of the Ediacaran-basal Cambrian Paracuellos Group and the Silurian Bádenas Formation (Álvaro et al. 2008; Calvín-Ballester and Casas 2013) .
The Datos and Jarque thrusts are first-order structures, with NW-SE trends and NE vergences, which crosscut longitudinally the eastern Iberian Chain and separate it into three tectonostratigraphic units. These are known, from SW to NE, as the Badules, Mesones and Herrera units (Carls 1983; Gozalo and Liñán 1988) . The Ediacaran-basal Cambrian Paracuellos Group forms the core of two disconnected antiform structures: the Paracuellos and Codos antiforms. Surface maps, seismic exploration data (acquired along a 5 km profile) and extensive drilling through the Paracuellos axial core allowed the recognition of two major NE-dipping basement faults, which could become listric at depth in a zone of lower crustal reflectivity. These major faults are subsequently affected by transcurrent shearing faults, observed on surface and interpreted as a result of a late Variscan phase of deformation (Álvaro and Blanc-Valleron 2002) .
The Badules and Mesones units exhibit a common style of deformation. Their Ediacaran-to-Lower Ordovician rocks occur as a succession of imbricated SW-dipping thrust systems (Pérez-Lorente 1990; Navarro Vázquez 1991), bounded to the NE by NE-dipping basement faults associated with the Paracuellos antiform (Álvaro and Blanc-Valleron 2002) . This thrust-and-nappe network was subsequently reactivated during the Alpine orogeny, as illustrated by Cambrian rocks thrusting on Triassic (Datos Thrust/Morés trough contact; Álvaro and Blanc-Valleron 2002) and Neogene (e.g., Daroca Thrust/Calatayud-Teruel Basin contact; Julivert 1954) troughs. In contrast, the Herrera Unit, which contains Cambrian to Carboniferous rocks, has been traditionally considered as formed by polyphase deformation characterized by a set of kilometre-scale, east-verging folds later affected by the east-directed thrust system associated with the Datos Thrust (Tejero and Capote 1987; Casas Sainz and Corés Gracia 1996) .
In the southeastern edge of the eastern Iberian Chain, Calvín-Ballester and Casas (2013) reported the presence of two major Variscan deformation phases. D1 structures are related to the formation of thrust systems and subsidiary folding. Folds (F1) and associated cleavage (S 1 ) formed simultaneously during the emplacement of the successive sheets related to this thrust system. The emplacement of underlying thrust sheets resulted in progressive tilting and stacking, thus generating a foreland-dipping thrust system. D2 structures are mainly concentrated close to the Datos Thrust, showing steep dips and orientations consistent with large-scale eastward-verging folds, in agreement with the major structure. The intensity of deformation decreases with the distance to this fault. The Datos Thrust is also folded for this stage, indicating an early origin of this structure within D2. The latter kinematic model contrasts with the former one (Capote and González Lodeiro 1983; Tejero and Capote 1987) , in which three main deformation phases were considered.
Biotite porphyroblasts and veinlet infills are hosted in the Cambrian slates and marble interbeds of the Ribota and Huérmeda formations and the overlying Cambrian Mesones and Acón groups. Their occurrence in the southeasternmost edge of both Chains (or inliers) was reported by Lotze (1929) and Lendínez González et al. (1989) in the eastern Iberian Chain, and by Álvaro (1998) and Álvaro and Vennin (1998) in the western Iberian Chain. Both transects consist of thin and elongated, NW-SE-trending belts, which correspond to the hanging walls of the Daroca, Jarque and Datos thrusts (Fig. 1b) .
Materials and methods
Ten samples were characterized based on petrological, geochemical and structural data, two of which were dated geochronologically (Ferreruela and Luco de Jiloca; Figs. 1b, 2) . Cambrian slates from the Ribota, Huérmeda and Valdemiedes formations were sampled at the hanging-wall of the Datos Thrust (site F5 from the Valdemiedes Formation; we differentiate a hydrothermal vein sample in this site as F5A-collected from the centre of the vein-and the host rock as F5). Cambrian slates and marbles of the Mesones Group were sampled at the hanging wall of the Daroca Thrust (LUCO-3 slate from the Valdemiedes Formation).
Polished thin sections were prepared at the 'Servicio de Apoyo a la Investigación' (SAI), University of Zaragoza, for petrological and geochemical examination using optical and scanning electron (SEM) microscopes and electron microprobe. SEM observations were performed at SAI with a Jeol JSM 6400 SEM equipped with an Oxford instrument detector (EDS) and using back-scattered electron (BSE) imaging and energy-dispersive X-ray (EDS) analysis to obtain 1 3 textural and chemical information. Biotite crystals were analyzed by electron microprobe using a Cameca SX-50 at the Centres Científics i Tecnològics (University of Barcelona) with 20 kV voltage and beam current of 10nÅ for Fe, Mn, Ti, K, Ca, Mg, Na, Si, Al and 20nÅ for Ni, Cr, Ba, V, F, Rb. The detection limit was ±100 ppm. The standards used were fluorite (F), albite (Na), periclase (Mg), Al 2 O 3 (Al), diopside (Si), orthoclase (K), wollastonite (Ca), rutile (Ti), vanadium (V), Cr 2 O 3 (Cr), rhodonite (Mn), Fe 2 O 3 (Fe), NiO (Ni), RTP (Rb) and barite (Ba).
The structural study included geometrical characterization of the main mesoscale ductile structures, as well as a detailed microstructural analysis on thin sections, including analysis of biotite porphyroblast/matrix relationships. This made it possible to establish the growth sequence of biotite crystals and their relationship with deformation.
Concerning the geochronological determinations, they were carried out using 40 Ar/ 39 Ar analysis on separated biotite porphyroblasts in slates (sample LUCO3, vein-free slate) and biotite infills from veins (sample F5A, centre of a vein, up to 2.5 cm long). Biotite separation was undertaken at the mineral separation laboratory of the VU University, Amsterdam. Samples were crushed and sieved to select the 150-300 µm size fraction for metamorphic biotite in LUCO3 and the 300-500 µm size fraction for the larger veinlet crystals in F5A. After cleaning with deionised water, biotite grains were separated using heavy liquids (LOC-50 Liquid Overflow Centrifuge model-50; IJlst 1973) and the Frantz ® magnetometer. Biotite separates were finally purified by hand-picking and cleaned in an ultrasonic bath with deionised water. About 30 mg of each biotite separate were wrapped in an 8 mm diameter Al-foil package for irradiation. Sample packages and 8-10 mg aliquots of laboratory standard sanidine TCR-2 (25.42 Ma, calibrated following Kuiper et al. 2008 ) wrapped in Cu-foil were sealed in a 9 mm diameter ID quartz vial, with one standard package loaded at the top and bottom positions and between every 4 sample packages. The quartz vial was sealed in a standard Al-irradiation-capsule and irradiated for 12 h at HFR Petten (The Netherlands), operated by NRG, in the pool-side facility RODEO (rotating with a frequency of 1 Hz), fitted with a Cd tube to minimize the thermal neutron flux. Multigrain samples of irradiated biotite were loaded in Cu-discs and step-heated following the procedure described in Ubide et al. (2014) . System blanks were run after every 3 or 4 steps and mass discrimination (1.034) was controlled by frequent analysis of 40 Ar/ 36 Ar air pipette aliquots.
Petro-structural constraints
Two biotite assemblages were recognized based on their crosscutting relationships with main cleavage planes (Figs. 4, 5) . They are referred to as early porphyroblasts (metamorphic biotite; e.g., LUCO3) and late veinlet-infilling biotites (hydrothermal biotite; e.g., F5A). The early biotite porphyroblasts, usually larger than 50 μm, and typically 150-300 μm in size, occur as euhedral to subhedral crystals with abundant inclusions, mainly of quartz (Fig. 5a ). The late biotites occur as anhedral crystals in the form of micron-sized patches or flakes of larger size (300-500 μm), along veinlets (Fig. 5b) . The rock matrix is rich in chlorite, muscovite, quartz, K-feldspar and plagioclase (Fig. 5c, d ).
Meso-and microscopic-scale tectonic analysis
At outcrop scale, the Cambrian rocks (mainly shales and sandstones) are affected by a conspicuous and penetrative slaty cleavage (S 1N ), commonly subparallel to bedding (Fig. 3a, b) . In the coarsest grained rocks, a common (1980a, b) and Ruiz Fernández and Carls (1985) . See location of trace in previous figure 1 3
feature is the presence of centimetre-to decimetre-scale quartz tension gashes (Fig. 3c) . At microscopic scale, the main cleavage (S 1N ) is defined by preferred orientation of both lepidoblastic phyllosilicates and biotite porphyroblasts (LUCO3; Fig. 4a ). However, a discontinuous and asymmetric crenulation cleavage (S 2N ) commonly affects both S 1N and some of the most euhedral biotite porphyroblasts (F5; Fig. 4b, c) .
The studied rocks classify as schists with biotite porphyroblasts encased in a recrystallized matrix, mainly composed of chlorite, muscovite and quartz, and subsidiary K-feldspar and plagioclase. Some other cleavaged clastic rocks include shales. In all the analysed cases, biotite crystals can be ascribed to one of two populations:
1. Euhedral to subhedral biotites occur mimetically oriented with respect to S 1 cleavage (syntectonic or early biotites). Such biotites consist of porphyroblasts with straight margins and exhibit large dimensions parallel with respect to cleavage S 1 (syntectonic). The fact that these biotites include cleavage S 1N demonstrates that these crystals grew relatively late with respect to the main deformation phase (D 1N ). Early biotites also exhibit strain shadows of quartz in the direction of cleavage S 1N (F5; Fig. 4b, d ), indicating that the last part of deformation D 1N postdated the growth of biotite porphyroblasts. In some cases, the early euhedral porphyroblasts are also affected by D 2N (Fig. 4c ). 2. A second group of randomly oriented biotite crystals is represented by anhedral veinlet-occluding crystals, which include the asymmetrical crenulation cleavage S 2N . This indicates that the growth of late biotites postdated deformation D 2N (Fig. 4b) . These late anhedral biotite crystals are both closely linked to brittle deformation, inferred from their high abundance within quartz tension gashes, and scattered in the rock-matrix (site F5A in Fig. 4c and site F5A in Fig. 4e ). Such quartz veinlets crosscut foliation S 1N and, in some cases, are subparallel to S 2N ; this relationship suggests that both structures (veinlets and S 2N ) are not cinematically compatible (F5A in Fig. 4e , f).
Based on this microtectonic analysis, the population of early euhedral (metamorphic) biotite porphyroblasts is considered as syntectonic respect to the main deformation phase (D 1N ), whereas the late anhedral veinlet biotite crystals postdate the deformation phase D 2N .
Biotite chemistry
Back Scattered Electron (BSE/SEM) images indicate that the early porphyroblasts and the late veinlet crystals share homogeneous compositions (Table 1; Fig. 5 ). The matrix plagioclase has average compositions of Ab 50 An 50 according to SEM/EDS analyses. A total of 59 electron-microprobe biotite analyses were obtained from early and late porhyroblasts. Analyses correspond to K-rich trioctahedral micas (Table 1) with 2.86 atoms per formula unit (apfu) in the octahedral sheet, K as major cation in the interlayer sites (0.80 apfu), and a Fe/Fe + Mg ratio of 0.54. The plotting of these data in the trioctahedral mica quadrilateral of Guidotti (1984) shows that the biotite compositions are closer to the eastonite and siderophyllite fields than to the phlogopite and annite fields (Fig. 6 ). In the classification diagram of Tischendorf et al. (1997) , the chemical compositions of the analyzed biotites plot in the limit between Mg-biotite and Fe-biotite. The early porphyroblasts and the late veinlet crystals of biotite display similar compositions (Table 1) , with identical averages both for major and minor elements. Overall, our data reflect that the biotites from veinlets have more homogeneous composition than the porphyroblasts, probably due to contamination related to inclusions in the porphyroblasts.
The chemistry of hydrothermal biotites depends on several factors, such as the temperature and composition of hydrothermal fluids (e.g., oxygen fugacity, and Mg-Fe 2+ -Fe 3+ proportions), but the temperature formation usually ranges from 300 to 400 °C (Beane 1974; Ayati et al. 2008 ).
40
Ar/
39
Ar geochronology 40 Ar/ 39 Ar experiments on biotite separates yielded complicated age profiles, reflecting long and complex tectonothermal histories. 40 Ar/
Ar results are summarised in Fig. 7 and Table 2 , with uncertainties quoted at 2σ. Full data tables can be found in the electronic supplement. Ar/ 39 Ar incremental heating results for biotite separates from samples LUCO3 and F5A, presented in age spectra and inverse isochron plots. In the age spectra, the thickness of the steps reflects the associated uncertainty; the black horizontal line covers the age-defining steps. In the inverse isochron diagrams, the dashed line represents the ideal atmospheric-radiogenic mixing line, whereas the solid line represents the inverse isochron calculated with selected steps (black squares); square size includes uncertainty when not shown Sample LUCO3 (early biotite porphyroblasts) produced an increasing age pattern (Fig. 7) related to diffusion loss (McDougall and Harrison 1999) . In such cases, the oldest recorded age is the best estimate of the original age before the diffusion event and the high temperature steps define an age of 322.94 ± 2.17 Ma (Lower Carboniferous). We note, however, that these steps represent less than 50% of the 39 Ar released (ca. 40%) and the age results should be considered with care. The 40 Ar/ 36 Ar intercept for the trapped argon derived from the inverse isochron treatment of the high temperature data is higher than the atmospheric ratio of 295.5, suggesting excess argon in the system (McDougall and Harrison 1999) . The inverse isochron age should therefore be preferred over the plateau age (McDougall and Harrison 1999; Renne et al. 2009 ). Hence, we infer that the best estimate of the true crystallisation age may be 285.82 ± 23.75 Ma (Lower Permian) (Fig. 7) .
Sample F5A (late veinlet biotite crystals) showed a broader scatter without reaching a partial plateau (as defined by McDougall and Harrison 1999) at any stage along the age profile. In this case, 100% of 39 Ar was considered to calculate a summary age over all steps of 246.87 ± 5.36 Ma (Lower Triassic). The high value for the Mean Squares of Weighted Deviates (MSWD; Table 2) reflects the scatter between the steps. However, this age is in agreement within error with the inverse isochron age (246.97 ± 5.61 Ma), which shows a good regression to atmosphere (Fig. 7) . In this case, excess argon is not a major issue and the obtained age is likely a reasonable estimate of crystallisation age.
Discussion: tectonothermal evolution in the Iberian Chains
The southeastern prolongation of the Variscan, Cantabrian and West Asturian-Leonese zones has been an everlasting matter of debate (Carls 1983; Gozalo and Liñán 1988; Álvaro et al. 2008) . The Cantabrian Zone displays a thinskinned type of structural geometry, in which the basement was not involved in the deformation, complicated by the existence of several detachment levels. The deformation took place under shallow crustal conditions, with only local development of cleavage. Metamorphism reached the transition from anchizone to low grade in the innermost thrust units García-López et al. 1997; Bastida et al. 1999) . In contrast, the West Asturian-Leonese Zone shows thickskinned tectonics with involvement of at least a part of the basement. Three main cleavage-related deformation phases developed under metamorphic (essentially synkinematic) conditions. In the northwesternmost part of the West Asturian-Leonese Zone, the distribution of the dynamo-thermal metamorphic zones points to a westward increase in epi-to catazonal metamorphic conditions. Three successive metamorphic events may be distinguished: (1) a Barrovian-type event developed under a medium-pressure geothermal gradient, including staurolite and kyanite-bearing parageneses, (2) a low-pressure, high-temperature event, including andalusite and sillimanite-bearing parageneses, and (3) an event of retrograde character. The relationship between mineral crystallization and cleavage development changes from one zone to another (Martínez Catalán 1985; Martínez Catalán et al. 1990; Pérez-Estaún et al. 1991; García-López et al. 2007 ).
Low metamorphic conditions, similar to those reported in this work, occur in the vicinity of the Narcea Antiform and the Demanda Massif (Fig. 8) . In the former, two main metamorphic parageneses may be differentiated in pelitic rocks (Aparicio et al. 1993; Ábalos et al. 2002; Gutiérrez-Alonso 2004) . The easternmost Narcea Antiform is located within the chlorite zone, with a muscovite-chlorite-chloritoid paragenesis of crystals oriented defining the axialplanar tectonic foliation S 1 linked to deformation phase D1, Early Carboniferous in age (Pérez-Estaún 1978; Martínez et al. 1988; Dallmeyer et al. 1997) . Chlorite porphyroblasts with their larger dimensions lying parallel to the original bedding are transverse or obliquely arranged to S 1 cleavage and show large pressure shadows within S1 cleavage, where S 0 and S 1 intersect at high angles. The most important episode of chlorite and muscovite crystallization is syntectonic, although, in some cases, it might be post-tectonic (Suárez et al. 1990 ). The second metamorphic unit is located in the Novellana-Pola de Allande-Degaña Belt, which partially overlaps the western limb of the Narcea Antiform. Biotite is the significant index mineral in the Neoproterozoic shales, which occurs both randomly arranged or mimetically with respect to cleavage S 1 . Chlorite, muscovite and recrystallized quartz are also well developed. In the neighbouring Demanda Massif, considered as a lateral prolongation of the Western Asturian-Leonese Zone, the regional metamorphism gave rise to chlorite growth across wide areas (Colchen 1974; Aparicio et al. 1991a, b) .
As reported above, despite the large dating error for the metamorphic peak (including the Carboniferous-Permian transition) and the main Variscan-related deformation event D 1N recorded in the Iberian Chains, the studied paragenesis fits well with the W-E-trending variation pattern of the metamorphic isogrades, allowing a reasonable correlation between tectono-metamorphic conditions from the northwesternmost sector (Novellana-Pola de Allande-Degaña Belt of the West Asturian-Leonese Zone) to the southeasternmost one, within the Iberian Chains, following the Narcea Antiform, the Anguiano Thrust and the Daroca, Jarque and Datos thrusts. However, the eastward decrease in metamorphic grade across the Narcea Antiform and the Demanda Massif contrasts with the southeastern increase in metamorphic conditions (and occurrence of a biotite isograd in the hanging walls of the Daroca, Jarque and Datos thrusts) along the southeastern edges of the eastern and western Iberian Chains.
The tectonothermal evolution reported in inner parts of the Variscan foldbelt, represented by the Cantabrian and eastern part of the West Asturian-Leonese zones (a case study from the Mondoñedo nappe occurs in Arenas and Martínez Catalán 2003) (Fig. 8) , and their southeastern prolongation into the Iberian Chains, differs from that recorded in external parts of the Variscan Orogen, such as the westernmost West Asturian-Leonese Zone and most of the northern Central-Iberian Zone of the Iberian Massif (Arenas and Martínez Catalán 2003; Rubio Pascual et al. 2013; Martínez Catalán et al. 2014 , and references therein), the French Massif Central (Ledru et al. 2001) , the Bohemian Massif (Schuevens 2002) , the Variscan basement of the Pyrenees (Aerden 1994) and Sardinia (Casini and Oggiano 2008) . Throughout the Central-Iberian Zone and the eastern branch of the Variscan Ibero-Armorican Arc (or external part of the Variscan foldbelt), late Variscan extension was commonly accompanied by HT-LP metamorphism related to anatexis and pluton emplacement. In contrast, the most thickened sections of the internal zones with metamorphic nappes (Cantabrian and West Asturian-Leonese zones and their lateral prolongation into the Demanda Massif and the Iberian Chains) underwent an important thermal increase, which can be directly linked to metamorphic isogrades.
Regarding the Late Permian extensional episode linked to the onset of the above-reported biotite veinlets (Tejero Suárez et al. (1990) , Aparicio et al. (1991a) , Bauluz et al. (1998) , Arenas and Martínez Catalán (2003) , García-López et al. (2007) , Álvaro et al. (2008) and this work; abbreviations of tectonostratigraphic units: B Badules, BLA Boal-Los Ancares, H Herrera, M Mesones, NPAD Novellana-Pola de Allande-Degaña and VLS Vivero-Lugo-Sarria 1 3 and de Vicente 1987; López-Gómez et al. 2002) , this event clearly post-date both (1) the early D 1N compressive deformation phase linked to the main regional foliation S 1N , and (2) the latter D 2N compressive deformation responsible for the record of the asymmetrical crenulation cleavage S 2N . Both foliations fit well with the Variscan tectonic scenario recognized for the Iberian Chains, where their first and second major deformation stages were associated with cleavage-related phases (Capote and González Lodeiro 1983; Tejero and Capote 1987) .
Conclusions
Two successive biotite-rich parageneses, metamorphic and metasomatic in character, occur in Cambrian metapelites and marbles neighbouring the Daroca, Jarque and Datos thrusts of the Iberian Chains. They are geochemically similar but associated with different textures (porphyroblasts vs. veins). Based on a combination of microstructural analysis and 40 Ar/ 39 Ar geochronology, we provide improved constraints on the age of two Variscan deformation events: (1) a D 1N deformation event, related to high ductile deformation, ended with the crystallisation of metamorphic biotite porphyroblasts at latest Westphalian-to-Guadalupian times (285.82 ± 23.75 Ma); we note that the error is significant and related to diffusion loss of Ar; and (2) a later D 2N event responsible for an asymmetric and discontinuous crenulation cleavage, predating anhedral biotite growth (average age 247 ± 5 Ma). The latter hydrothermal event is compatible with the extensional tectonic framework characterizing the onset of the Apine Cycle in the Iberian Chains.
The southeastern prolongation of the Variscan, Cantabrian/West Asturian-Leonese zones contact is recognized along the Datos Thrust, a major structural accident that subdivides longitudinally the eastern Iberian Chain. To the NE of this contact, the Variscan orogeny is characterized by thin-skinned geometries where deformation took place under shallow crustal conditions, involving anchimetamorphism and local development of cleavage. In contrast, to the SW of the Datos Thrust, deformation took place under different metamorphic conditions. The reported tectono-thermal pattern is characterized by a heterogeneous distribution of metamorphic facies, with an essentially synkinematic chlorite + biotite + plagioclase paragenesis and well-developed cleavage-related biotite porphyroblasts linked to the main Variscan tectonic structures. The metamorphic distribution emphasized along the hanging walls of the Daroca, Jarque and Datos thrusts fits well with the metamorphic isogrades recorded in the Novellana-Pola de Allande-Degaña Belt of the West Asturian-Leonese Zone and the Anguiano Thrust of the Demanda Sierra. Based on structural and metamorphic features, the Datos Thrust represents the contact that separates the Cantabrian and West Asturian-Leonese zones of the Iberian Massif.
